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Mesenchymal Telocytes Initiates Spontaneous Colonic Neoplasia in Mice
Studies of colorectal cancer (CRC) traditionally focused on the role of epithelial genetic mutations and signaling pathway dysregulation with an underappreciation of faulty signaling impact from the stromal microenvironment in this context. 1 The colonic stroma consists of professional and nonprofessional cells with fibroblasts, myofibroblasts, and telocytes found in close contact with the epithelia. 2, 3 These latter cells are responsible for the contribution of the microenvironment surrounding the epithelium. The central role played by nonmyofibroblastic Foxl1 þ telocytes as the source of indispensable intestinal stem cell niche factors was shown recently. 3, 4 Although mutation of PTEN in epithelium of various organs leads to cancer development, we and others showed that specific intestinal epithelial cell ablation of Pten is insufficient to initiate neoplasia. 5, 6 Such observations on epithelial phosphatase and tensin homolog deleted on chromosome 10 (PTEN) signaling suggest a greater role for extraepithelial signaling in gut tumor development.
Here, using the Foxl1Cre recombinase, we generated a mouse model featuring a specific deletion of Pten in gut telocytes (Pten DFoxl1þ ) (Supplementary Figure 1) , allowing dissection of the specific contribution of PTEN signaling in colonic telocytes. As previously shown with abrogation of Bmpr1a
DFoxl1þ , 7, 8 and herein with Pten, the deregulation of important cell signaling in gut telocytes strongly impacted colon epithelial homeostasis ( Figure 1 Min/þ animals (average, 18 and 3 adenomas, respectively), although no polyps were found in controls. This particular genetic combination is not sufficient to enable malignant transformation of a preneoplastic epithelium at 75 days of age. This could be explained by the limited life expectancy of the compound mice. This short latency is indubitably detrimental to the acquisition of key mutations allowing tumor progression. Second, the use of a different genetic epithelial mutation in combination with our dysfunctional mesenchyme should be explored. The serrated mouse models of CRC feature tumors that progress into adenocarcinomas with metastasis potential. 9, 10 Serrated CRC involves initial mutations such as KRAS or BRAF, but not APC. Because the loss of PTEN signaling in telocytes lead to an epithelial hyperplasia within 85 days, its association with epithelial mutations of the serrated route potentially could lead to the formation of more invasive lesions.
The present results indicate that loss of Pten in telocytes is sufficient to trigger the development of spontaneous colonic polyposis. Our findings further support that telocytes abrogated for PTEN signaling feature an altered stroma cell ratio and secretory profile leading to the establishment of a toxic microenvironment impacting colonic epithelial homeostasis. The current observations suggest that synergy between Pten-deficient telocytes and an oncogenically primed epithelium toward cancer progression may require a mutation from pathways such as the serrated route, as opposed to the traditional pathway involving APC mutation. Figures 1 and 2, Supplementary Figures 1 and 2 , and Table 1 ; Raphaëlle Servant contributed to results shown in Supplementary Figures 1 and 2 
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Polyp Counts
Methylene blue-stained polyps were visualized under a stereomicroscope. Polyp sizes were measured with a digital caliper (Fisher Scientific, Waltham, MA) and polyp numbers were counted from the duodenum to the rectum as previously described.
2,3
Histologic Staining, Immunochemistry, and Immunofluorescence Tissues were fixed, paraffin-embedded, sectioned, and stained as described previously.
2,4-9 Immunohistochemistry staining of proliferating cell nuclear antigen (18197; Abcam, Cambridge, MA), anti-a-smooth muscle actin (A2547; Sigma-Aldrich, Oakville, ON, Canada), and antivimentin (5741; Cell Signaling Technology, Danvers, MA) were performed as previously described.
2,4-10
Immunofluorescence against PTEN (9559; Cell Signaling) and a-smooth muscle actin (A2547; Sigma) was performed on optimal cutting temperature-embedded tissues as previously described. 4 Alexa Fluor-conjugated antibodies for all immunofluorescence studies were obtained from Invitrogen (Carlsbad, CA). Immunofluorescence images were acquired with a Leica (Leica Microsystems Inc, Concord, ON, Canada) DLMB2 microscope equipped with a DFC300FX camera and Leica FireCAM 3.4.1 software. Otherwise, slides were visualized with a NanoZoomer slide scanner and NDP.view2 software (Hamamatsu Corporation, Bridgewater, NJ).
Cytokine and Chemokine Assays
Cytokine and chemokine production was determined with antibody arrays from RayBiotech (Peachtree Corners, GA) according to the manufacturer's protocols. The Mouse Cytokine Array G1000 was used on total protein extracts from the colon of 30-day-old mutant and control mice. The arrays were scanned with the Cy3 channel using a ScanArray Express dual-color confocal laser scanner and ScanArray Express software (PerkinElmer, Waltham, MA).
RNA Extraction and Gene Expression Analysis
Total RNA was isolated and processed using the Totally RNA extraction kit (Ambion, Carlsbad, CA). Reversetranscription polymerase chain reaction and quantitative real-time polymerase chain reaction were performed as described previously.
2,4-9 For every quantitative polymerase chain reaction run, a no-template control was performed for each primer pair, each of which was consistently negative. Primer sequences are available upon request.
Data Analysis
All epithelial cell counts were performed on well-oriented crypts. To determine the ratio of proliferative mesenchymal cells shown in supplementary Figure 2 , the number of proliferating cell nuclear antigen-positive cells relative to the total number of mesenchymal cells in a defined area was counted. Statistical tests used are described in figure legends. Data are expressed as means ± SEM. Graphs and statistics were generated with GraphPad Prism (GraphPad Software Inc, San Diego, CA). All authors had access to the study and reviewed and approved the final manuscript. NOTE. Fold change represents the ratio of mean value (mutant/control) of cytokine/ chemokine expression analyzed using the RayBiotech Mouse Cytokine Antibody Array G series 1000 on total colonic protein extracts from 30-day-old mice (N ¼ 4). Negative values indicate a reduction in Pten DFoxl1þ mice compared with controls. Statistical probability was determined using the Student t test. 
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